[ 1996] using a global CTM. Using the Harvard global CTM, Horowitz and Jacob [1999] found that fossil fuel emissions from China have a large influence on NOx concentrations over the Pacific Ocean. Describing the regional characteristics of ozone production, loss, and export from East Asia would therefore provide valuable insight into understanding the contribution of this rapidly developing part of the world on global 03 budgets. The purpose of this paper is to address regional and seasonal characteristics of photochemical ozone production and mixing ratios over East Asia. We examine seasonal geographical distributions of tropospheric ozone production and mixing ratios over this region with a global threedimensional chemical transport model called Model of Ozone and Related Tracers, version l (MOZART 1) developed by Brasseur et al. [1998b] and evaluated by Hauglustaine et al. [1998a] . We also evaluate indirect evidence of export of ozone and its precursors from East Asia using correlations of 03 and CO mixing ratios calculated in the model. This paper is divided into five sections. We briefly describe the model and its evaluation in section 2. Geographical distributions of photochemical ozone production over East Asia and its seasonal variation and budgets are discussed in section 3. In section 4 we discuss horizontal variations in O3/CO correlations and estimate the export of ozone and its precursors from East Asia. Conclusions are in section 5.
Model Description and Evaluation
MOZART 1 is a global three-dimensional chemical transport model which calculates the global distribution of 56 chemical species and the production and loss rates for 03. A full description of MOZART 1 is given by Brasseur et al. [1998b] . A brief description is provided here. 
Geographical and Seasonal Distributions of Photochemical 03 Production Over East Asia
The effect of regional photochemistry on 03 is defined by the production and loss rates of the odd oxygen family (Ox = As shown in Figure 3 , north of 20øN in the mid and upper troposphere strong northwesterly continental outflow occurs in January, April, and October. In July, westerly winds weaken, and southeasterly monsoons dominate as far north as 30øN. In the boundary layer, strong west north-westerlies prevail noah of 40øN in January, April, and October. Between 20øN and 40øN, wind direction is mixed. In July, onshore winds dominate between 20øN and 40øN with winds north of 40øN being weak and primarily from the southwest.
+ O(•D) + O(3p) + NO2 + 2 x NO3 + 3 x N205 + HNO3 + HNO4 + PAN). We take the production and loss of odd oxygen species (Ox
Plate 1 shows that north of 20øN 03 production is largest in summer and lowest in winter reflecting the seasonal change in insolation and photochemical activity. From spring to fall, active production occurs over an extensive area from the east coast of China to the Japanese mainland, which we ascribe to large anthropogenic emissions in this area. In July, net 03 production reaches a maximum (over 15 ppbv/d) over central China, Korea, and the Japanese mainland; 03 production rates of over 5 ppbv/d occur over most of mainland China during this season. In January, while net 03 production in the region north of 30øN becomes lower compared to other months, 03 production rates of 5-10 ppbv/d persist between 20øN and 30øN. A strong gradient in photochemical activity at 30øN in winter has been observed by Crawford et al. [ 1997] in an analysis of PEM-West B data. They found a markedly lower tropopause height and higher total 03 column north of 30 ø N which lead to greatly reduced rates of net 03 production. This sharp decrease in the height of the tropopause and increase in total 03 column north of 30 ø N is reproduced in our MOZART 1 simulation. From 5øN to 20øN over the Indochina peninsula, northeasterly winds predominate in January, April, and October, while southwesterly monsoons bring moist air from the Indian Ocean to the region in July. The seasonal variation in 03 production in this region is characterized by the wet (July- In summer, clean oceanic air is transported to continental Asia from the south-east (as shown in Figure 3c ). Plate 4c shows that starting just east of the Asian coast, the boundary layer over the Pacific Ocean has CO mixing ratios below 100 ppbv because of on-shore flow of clean background marine air. In summer, export of pollution from Asia does not take place in the east/southeast directions. Instead, as indicated in Figure 3c , O3 export from the Asian boundary layer could occur to the north/northeast, or additionally via vertical advection or convection. O3/CO correlation slopes above 0.3 in northeastern Asia support the hypothesis that pollution may be advected to the northeast. The direction of export fluxes from Asia is being examined in detail using MOZART, version 2 which archives mass fluxes across grid cell boundaries for a variety of tracers [Mauzerall et al., 1999] .
O3/CO correlations have been extensively investigated over the east coast of North America. Reported values of con:elation slopes (see Table 1 
